We present speckle interferometry observations of 47 composite spectrum stars obtained between 1993 and 1998 at the Pic du Midi Observatory with the PISCO speckle camera. 76% of over 150 independent 10 minute sequences of observations led to a companion detection. Binary component angular separations ranged from 0>05 to 1>2. We also obtained a series of 23 measurements of an additional nine close binaries. PISCO observations confirm, for the first time since their discovery, the duplicity of HD 29104 (L4), HD 83808 (WGT 1Aa), HD 183912 Aa 0 (BON Ap), and HD 156729 (HR 6436). Discovered as double by Hipparcos, the particularly difficult to resolve HD 156729 was observed despite the large magnitude difference, Dm ¼ 4:2, between its two components.
INTRODUCTION
Composite spectrum stars are binary stars (often spectroscopic binary stars) comprising in most cases a dwarf hot star (B or A type) and a cool evolved star (G, K, or M) (Ginestet et al. 1992) . The study of these systems is of great astrophysical interest (i) to improve estimates of the mass of red giant stars and (ii) to constraint stellar evolution models (Schrö der, Pols, & Eggleton 1997). A major problem arises when it comes to identifying the spectral types of the two components. As speckle interferometry can resolve some of these objects, we have undertaken an observational program with PISCO 2 at the Pic du Midi Observatory, and we report here on the astrometry done on some of them. The photometry and the spectra of the individual components will be presented elsewhere (Prieur et al. 2002, in preparation) .
In 1993, we established the list of our targets from the following sources:
1. Hynek's catalog of composite spectrum stars (Hynek 1938) ; 2. McAlister's catalog of interferometric binaries (McAlister & Hartkopf 1988);  3. Griffin's list of spectroscopic binaries where he suggests that most of them are likely to be resolved with speckle interferometry (Griffin 1990);  4. A list of stars with composite spectra from Markowitz (1969) .
Additional objects suspected to be composite stars-e.g., stars with abnormal color indices in the Bright Star Catalog (Hoffleit & Jaschek 1982) -have also been incorporated to our list.
When starting this project, most of the objects had already been resolved by speckle interferometry but their orbits were undetermined. To obtain a good determination of the spectral types of the two components, two of us (N. G. and J.-M. C.) have carried out a spectroscopic survey of these binaries with the Carélec and Aurélie spectrographs at the Haute-Provence Observatory. The results concerning the cool components were presented in Ginestet et al. (1997; Ginestet, Carquillat, & Jaschek 1999) . The classification of the hot components is in progress (Ginestet & Carquillat 2002) .
During the 1993-1998 exploitation phase of PISCO, we applied a '' flexible '' scheduling to maximize the scientific return. Depending on the weather conditions, we selected the astrophysical program best suited for these conditions. Since part of our observations could be done when the FWHM seeing was larger than 1>2, our program was often used as a backup for observations requiring good atmospheric conditions (e.g., high-resolution imaging of complex or faint objects). As a consequence, multiple observations of our targets were performed during the 1993-1998 period, which permitted a follow-up of the astrometry over 6 years for some of them.
OBSERVATIONS
The observations (Table 1) were carried out with the PISCO speckle camera (Prieur et al. 1998 ) developed at the Midi-Pyrénées Observatory and operated at the Cassegrain Focus of the 2 m Bernard Lyot Telescope (TBL) at Pic du Midi, with the filters presented in Table 2 . PISCO is a remotely controlled versatile instrument whose observing modes (e.g., imaging or spectroscopy) can be configured in real time. It constitutes a powerful tool for investigating the field of close binary stars, as demonstrated in previous works (Aristidi et al. 1999; Scardia et al. 2000a; Prieur et al. 2001) .
In this program, the PISCO speckle camera was used in its full pupil imaging mode. The atmospheric chromatic dispersion was corrected in real time with computer-controlled Risley prisms. Except when the wind was strong and caused an elongation of the autocorrelation peaks (e.g., for HD 33883), these peaks were circular, which is a good indication of the quality of the dispersion correction.
PISCO can make use of various detectors, as described in Prieur et al. (1998) . The observations presented here were performed with three detectors: the CAR (Caméra à Anode Résistive or Ranicon detector), the ICCD (Intensified CCD with a microchannel plate), and the PAPA (photon-counting detector, derived from the version described in Papaliolios, Nisenson, & Ebstein 1985) .
In Table 1 , the nights are qualified as '' used '' when we could open the dome; however, the FWHM seeing was generally much poorer than the yearly average TBL value of $1>2. During the period 1993-1998, over one hundred nights were allocated to the projects studied with PISCO, with a usability rate of 33% that is significantly less than the average rate of $50% for this site.
DATA REDUCTION
The data reduction of a given observing sequence started with a detector-dependent preprocessing phase that generated an autocorrelation according to the method described in Worden et al. (1977) . The mean intercorrelation of two frames separated by a delay larger than the coherence time was subtracted from the mean autocorrelation of the elementary frames. This removed the background of the mean autocorrelation and nicely increased the contrast of the secondary peaks of binary stars. Astrometry parameters were then derived from this autocorrelation following the procedure described in Prieur et al. (2001) .
Calibration
The orientation of the frames was calibrated by combining two methods: (i) by using the star tracks obtained by moving the telescope along the declination and right ascension axes, and (ii) by using wide pairs with slow orbital motion as '' astrometric standards '': HIP 1447 and HIP 4065 (Cuypers & Seggewiss 1999; Prieur et al. 2001) . The resulting angular uncertainty was found to be AE0=4 and was included in the error on the position angle measurements displayed in Tables 3 and 4. Likewise, the magnification scale was obtained both by the '' astrometric standards '' and by measuring a calibration grid placed at the entrance focal plane of PISCO. A value of 50:4 AE 0:1 m was used for the focal length of the TBL, as determined by the Pic du Midi optics group. This grid was also used to measure and correct the geometric distortion.
Preprocessing Data Collected with the CAR Detector
The CAR detector produces no frames, but a continuous flow of photon coordinates in chronological order. With this camera, the mean autocorrelation was computed by correlating each photon coordinate with the N others collected during a given time interval. For each photon, this time interval, dubbed '' the sliding window,'' starts after the photon is detected and ends after a chosen '' frame time '' has elapsed. This '' frame time '' can be chosen and adjusted during off-line data processing. If the frame time is significantly larger than the coherence time c of the atmospheric turbulence, noise is added to high-resolution structures, and this prevents any detection of the companion. If the frame time is too small, the signal-to-noise ratio is degraded by photon noise, which may also impede companion detection. To determine the optimum frame time, which maximizes the contrast of the secondary peaks in the autocorrelation function of the binary star, we computed from the same data a series of autocorrelations with frame times spanning the range 2-20 ms. Optimal values were 5-8 ms, which implies that the turbulence was fast ( c ¼ 3 5 ms).
Another important parameter of the reduction procedure was the spatial sampling factor (rebinning) of the autocorrelations. For each data set, a compromise had to be found since a large spatial sampling increases the signal-to-noise ratio (by reducing the photon noise), while decreasing the angular resolution. Hence, by providing a list of photoevents coordinates, the CAR detector offers a high flexibility and the possibility to determine during the data processing phase the optimum values for the frame time and the sampling factor.
Unfortunately, this detector presents two defects which had to be calibrated and corrected:
1. A small geometric distortion: the detector axes (i.e., those of the resistive anode) were not strictly perpendicular relative to each other (difference up to 2=5), and at a different scale (up to 2%). To correct this geometric distortion, twodimensional polynoms were fitted each night to images of the scaling grid available in PISCO and applied to the CAR data.
2. A hole in the center of the autocorrelation function commonly appears when using detectors coupled to a microchannel plate. This hole is due to the electronic depletion of a channel that appears after the detection of a photo-event in that channel. This depletion can last a few milliseconds and is a limitation to working at high illuminations. We thus limited the illumination to 10 4 photons s À1 by inserting neutral densities for bright objects (V < 7). We also modified ambiguity except those marked with an asterisk (*), for which triple correlation methods removed this ambiguity. Table 3 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement.
the sliding window, shifting it by one or several milliseconds toward the future. In such a situation, each photon is not correlated with those immediately following, but correlated only with other photons detected at a time when the microchannels have partially recovered from depletion. The '' photon counting hole '' effect mainly affects the photometric measurements. Although it can reduce the detectability of very close binaries, it does not introduce artifacts on the astrometric measurements.
Preprocessing Data Collected with the ICCD Detector
The data from the ICCD were stored as frames in SVHS tapes with a rate of 50 frames s À1 . For the ICCD, the exposure time of elementary frames could take any value between 64 ls and 16 ms, but the time interval between two successive frames was fixed (20 ms). This detector could not work in genuine photon counting mode and thus did not provide the coordinates of individual photo-events. A specially designed program (by J. L. P.) controlled a videotape recorder and a digitizing board, allowing a fully automatic processing of these tapes (Prieur et al. 2001 ).
Preprocessing Data Collected with the PAPA Detector
The preprocessing phase of the data obtained with the PAPA detector is described in Aristidi et al. (1999) and concerns here only a few measurements.
Astrometric Measurements
The treatment of the mean autocorrelations was identical for all detectors. It consisted of accurately measuring the position of the secondary peaks of the binary stars, from which the position angles and angular separations of the components were derived. This was interactively done by a set of procedures described in Prieur et al. (2001) .
RESULTS
The astrometric measurements are displayed in Tables 3  and 4 . The HD name is in column (1), and the corresponding WDS name 3 is given in column (2). For each observing sequence, we give the epoch of observation (col. [3]) in Besselian years, the filter (col. [4]) (whose characteristics are listed in Table 2 ), the detector used (col. [5] ), the position angle h in degrees (col. [6]), relative to north increasing in the direction of increasing right ascension, and the angular separation in arcseconds (col. [7] ).
In columns (8) and (9) are indicated the residuals OÀC (observed minus computed) for the objects with a known orbit, whose origin is given in column (10) , and SC 00 (Scardia et al. 2000b) .
In some cases (noted as '' Marginal detection '' in col. [11] ), although the companion could be detected, the meas- Note.- Table 4 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement.
urements are not given as they would be too uncertain to be of any use. Note that the V and R measurements of the position angle of HD 49618 have large errors; they are given between brackets. In column (11), we also indicate if the object is known to be a spectroscopic binary (SB) and, when applicable, give its orbital period.
The position angle h of the companion was measured from the autocorrelation function, which leaves a 180 ambiguity. When the signal-to-noise ratio was good enough, the restricted triple-correlation technique described in Aristidi et al. (1997a) , or the image restoration with bispectral techniques (Prieur, Lannes, & Cullum 1991) , allowed us to remove this ambiguity. This is noted with an asterisk (*) in column (6). We note that for HD 8036, the brightest component in the B image is at 180 relative to that found in the V and R images.
To have a more comprehensive view of our program on composite spectrum stars, we have included in Table 3 two previously published measurements of HD 83808 and HD 186518 made with PISCO (references given in col. [11] ).
The smallest (1 ) errors for the angular separation (col.
[6]) were estimated at 0>002 for close pairs (i.e., < 1 00 ) and 0.2% for wide pairs (i.e., > 1 00 ) on the basis of the uncertainties coming from the determination of the center of the autocorrelation peak and those affecting scale calibration. Similarly, the smallest (1 ) error found for the angle position (col. [7] ) was 0=5.
To evaluate systematic errors (e.g., a wrong value of the focal length), we plotted in Figure 1 the residuals relative to the ephemerides for objects with known orbits (cols. [8] and [9] of Tables 3 and 4) . In this plot, we excluded the case of HD 196088 whose latest orbit led to particularly large residuals (discussed in x 5.1). Although some residuals are rather large-due to the poor knowledge of the orbits for these objects-they are globally centered at (D ¼ 0; D ¼ 0), which indicates the absence of systematic errors.
DISCUSSION
We compared our measurements with those from other observers, making an extensive use of the CHARA Third Catalog 4 (hereafter CHARA3), which includes all published measures of binary stars obtained with interferometric techniques.
Composite Spectrum Stars: Particular Cases
In this section, we successively examine the binaries (L4, WGT 1Aa and BON Ap), whose duplicity is confirmed for the first time since their discovery, and the objects HD 49618 and HD 196088 which exhibit the largest residuals in and ¼ 0>34 (Dyson 1921) , and was never detected again, despite numerous attempts, especially in the period 1910 -1922 . Aitken (1932 concluded in his famous '' New General Catalog of Double Stars '' by the comment: '' It is very doubtful whether the star is double.'' Only one observation (negative detection) is reported in CHARA3 (Bonneau, Carquillat, & Vidal 1984) . Our measurement in 1994.720 with ¼ 134=0 and ¼ 0>065 is then the first confirmation of the duplicity of HD 29104, more than 90 years after its discovery.
Likewise, our observations of HD 83808 (WGT 1Aa, ADS 7480) and HD 183912 Aa 0 (BON Ap) are the first successful detections since the discovery of the companions for both objects, respectively, with ¼ 17=0, ¼ 0>463 in 1980 (Weigelt & Wirnitzer 1983) and ¼ 163 , ¼ 0>125 in 1978 . For HD 49618 (STF 963 AB, ADS 5514), the orbit computed by Docobo & Costa (1984) fits better our measurements than Heintz's (1986) orbit, although the residuals are large in both cases. This was unexpected since Heintz's orbit is more recent and should be more accurate.
The O À C residuals of HD 196088 (MCA 61, BD +49 3310, HD 196089) are the largest seen in Figure 1 . This is surprising since the orbit was computed in 2000 (Olevic & Jovanovic 2000) and should be compatible with our observation, made in 1998.665. We are quite confident about the quality of our measurement since it is in good agreement with the previous speckle observations reported in CHARA3. The angular separation has been increasing rather regularly from 0>047 to 0>074 during the period 1989-1996. Our measurement shows that the periastron passage predicted in 1998.49 by Olevic & Jovanovic did not occur.
As a general remark, our measurements will be very useful for future orbit determinations, because the number of speckle measurements of composite stars, and of binaries in general, has been decreasing in the 1990's. For example, since the Hipparcos measurement of 1991.25 (ESA 1987) , only one measurement is given in CHARA3 for the objects HD 195692 (STF 2695, ADS 13971) and HD 214606 (CHR 113, BD +68 1319), obtained by Hartkopf et al. (2000) in 1996 and 1994, respectively. This decrease of the occurrence rate of speckle observations is of particular importance for the small angular separations, due to a lack of observations with large telescopes.
Complementary List: Particular Cases
For ADS 9701 (WDS 15348+1032), the orbit computed by Hopmann (1973) leads to large residuals ( ðOÀCÞ ¼ À0>254) and clearly needs revision. The orbit of this double star is still undetermined because the companion has moved along an orbital arc of only 26 between 1822 and 1990. The relative motion of the two components is very slow, and the period is thus expected to be very large. In the hypothetical case (quite unlikely) of a circular orbit, the orbital period would be about 2300 years. Our measurement is in agreement with the Hipparcos data:
During the data reduction, the objects HD 156729 and HD 196178 that we intended to use as reference stars were subsequently found to be double stars (Table 4) .
HD 196178 (HIP 101475, WDS 20339+4642) was discovered as a double system by Hipparcos with ¼ 0>311 and ¼ 56
. In CHARA3, only one ground-based observation is reported in 1996.699, with ¼ 0>302 and ¼ 60=2 (Mason et al. 1999b) .
HD 156729 (HR 6436, HIP 84606) was also found double by Hipparcos: ¼ 0>844, ¼ 141 , with Dm $ 4:2. This large magnitude difference between the two components explains why all speckle detection attempts of the companion have failed in 1988.169 ( < 0>038; McAlister et al. 1993 McAlister et al. ), in 1997 Mason et al. 1999b ) and in 1997.460 ( < 0>054; Mason et al. 1999b) . Our measurement in 1994.720 ( ¼ 0>906, ¼ 139 ) agrees well with the Hipparcos data. We also found a large magnitude difference, the companion brightness being close to our detection limit.
Composite Spectrum Stars not Resolved by PISCO
We now examine the possible reasons which may account for the nondetection of the companion of some targets. Let us recall that we could not resolve all the binary stars with angular separations less than the TBL diffraction limit
The objects that were never resolved during our observations are listed in Table 5 3. Objects whose duplicity poses problem because it was never confirmed since their discovery.
Objects with Small Angular Separations
Among our sample of composite spectrum stars, there are binaries whose components are closer than the TBL diffraction limit over part of their orbit. Hence, the absence of a companion detection by PISCO is not surprising. An extreme case is HD 192577 (WRH 33Aa), which was always observed with angular separations smaller than 0>03.
With angular separations larger than d , the objects of the second group should have been resolved by PISCO. Let us remark that all of these objects were only observed once by PISCO and this absence of detection is not meaningful. It must be due to bad seeing. Actually, the performances of speckle interferometry are tightly related to the coherence time c and radius r 0 of the atmospheric turbulence (cf., e.g., Roddier 1981) . As the tur- bulence can vary quickly, c and r 0 can quickly reach values small enough to impede the resolution of close binaries. This explains why in Table 3 , there are many negative detection reports associated with positive detections for the same object (e.g., HD 9352, HD 82072, and HD 183912 Aa), sometimes on the same night.
Dubious or Difficult Cases
There are objects that were never resolved with PISCO at the TBL, despite multiple attempts made during the 1993-1998 period, and whose duplicity has never been confirmed either by other observers since they were discovered:
HD 17245 (CHR 7).-Three observations were made in 1980-1984, with only one positive detection, by the discoverer (McAlister et al. 1987) . We observed HD 17245 four times in 1997-1998 without success.
HD 17378 (MCA 9).-Only two observations are reported in CHARA3. The companion was found in 1980 by McAlister & Hartkopf (1984) and was not detected in 1984 with a 6 m telescope (Balega & Balega 1987) . Our three observations in 1994-1998 led to a negative result.
HD 109358 (BNU 4Aa).-It was discovered as double with ¼ 0>110 by HD 197177 (BNU 7Aa).-The companion was only observed once by the discoverers with ¼ 0>244 . Nine other detection attempts made in 1949-1986 led to negative results.
HD 208816 (WRH 36).-The companion was only seen by Wilson (1951) , with a very small separation: ¼ 0>05, and never confirmed despite 17 other attempts in 1949-1992. Hence, in the last 20 years or so, all the efforts made to resolve these objects with speckle interferometry have failed. One can then wonder whether the companions are detectable by speckle interferometry. As the spectra of all these objects are composite, their binary nature is certain and the magnitude difference between their two components is not very large ( 3). Hence, the nondetection of the companion by speckle interferometry likely means that the two components are closer than the diffraction limit of the telescopes used.
CONCLUSION
The PISCO speckle camera of the Midi-Pyrénées Observatory has proven to be an efficient tool to study binary and multiple stars. Despite bad weather conditions, campaigns led with PISCO have produced a large number of astrometric measurements of binary systems, many of which could be followed during six years.
Three very different detectors were used (CAR, ICCD, PAPA), with different processing procedures. However, the results are homogeneous. The very good agreement both internally (measurements obtained with those three detectors agree) (and externally-agreement with speckle interferometry observations by other authors) shows the absence of systematic errors when operating PISCO.
We confirm the duplicity of HD 156729 (HR 6436) discovered by Hipparcos as having a large magnitude difference between the two components (Dm ¼ 4:2). PISCO is the first ground-based instrument that has been able to resolve this difficult object. Indeed, in most books, it is said that the speckle technique is limited to Dm 3. The CAR detector that was used for this detection appears then particularly sensitive and exhibits a high dynamical range. We also confirm the duplicity of HD 29104 (L4), HD 83808 (WGT 1Aa), and HD 183912 Aa 0 (BON Ap). For these objects, the measurements with PISCO are the first successfully performed since the discovery of their duplicity, in 1902, 1980, and 1978, respectively. Some objects were not resolved during our observations. A close analysis of the results obtained by previous observers yields a logical explanation. For most objects, the angular separation was very close to, or smaller than, the diffraction limit of the TBL whose diameter is too small to perform continuous measurements during an orbital revolution. For others, the companion was observed only once, by their discoverers. As the presence of these companions has never been confirmed in the last 20 years or so, even with large telescopes, the two components responsible for the composite spectrum of these objects must be too close to be detected by 2-6 m class telescopes. To resolve them, interferometric arrays are required. Since these objects are very close binaries whose components are rather bright and have a small magnitude difference, they should be useful for testing the capabilities of these arrays.
Due to a change in policy of the TBL time committee, PISCO was decommissioned in 1998, and this paper is the last of a series that has produced numerous results (Carbillet et al. 1996; Aristidi et al. 1997b Aristidi et al. , 1999 Scardia et al. 2000a; Prieur et al. 2001) . PISCO has contributed measurements of binary stars during the particularly critical period of the 1990's during which the frequency of speckle measurements with 2 m class, or larger, telescopes significantly decreased. Continuous observations are essential for establishing reliable orbits. In particular, measurements obtained during the periastron passage are crucial for accurate orbit determinations. The case of HD 196088 is illustrative of this problem. Our observations obtained close to the predicted periastron invalidate a very recently published orbit. This erroneous orbit was computed after the epoch of our observations, using too scarcely distributed data. We hope the situation will soon improve with new generation speckle cameras being installed on large-size telescopes and adaptive optics systems becoming available on most of mediumsize telescopes. students at Midi-Pyrénées Observatory), and Bruno Lopez (Cô te d'Azur Observatory) who participated to some of the observations. This work has made use of the '' Third Catalog of Interferometric Measurements of Binary Stars '' (see footnote 4) and of the '' Besançon database of binary stars. '' 5 This research has also made use of the Washington Double Star Catalog maintained at the US Naval Observatory.
